The antioxidant potency of methanolic extract of Duchesnea indica (MDI; Indian strawberry) was investigated by employing various established in vitro systems, such as total phenolic content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity, reducing power assay, metal chelating assay, superoxide radical scavenging activity and protective ability of DNA damage and protein oxidation. MDI inhibited metal chelating by 75.57% at 2 mg/mL, scavenged 50% DPPH free radical at 29.13 µg/mL, and eliminated approximately 46.21% superoxide radical at the concentration of 1 mg/mL. In addition, MDI showed strong ability on reducing power, DNA damage protection and protein oxidation protection. Overall, results suggested that MDI might be beneficial as a potent antioxidant and effectively employed as an ingredient in food applications.
INTRODUCTION
Oxidative stress, induced by oxygen radicals, plays a critical role in various degenerative diseases, such as cancer, atherosclerosis, and gastric ulcers (1) . The human body has a complex antioxidant system to protect the cellular molecules against the oxygen radical-induced damage, including antioxidative enzymes, such as superoxide dismutase, catalase and glutathione peroxidase (2) . This innate defense is not enough for severe oxidative stress, and therefore overproduction of oxidative radicals may cause tissue damages (3) . Consequently, certain amounts of exogenous antioxidants are constantly required to balance the reactive oxygen species (ROS) in the human body (4) . Several synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and tert-butylhydroquinone (TBHQ), are commercially available, but their applications are restricted due to potential risks related to health (5) . Therefore, much attention has been focused on natural antioxidants. Plants contain a variety of free radical scavenging molecules such as phenolic compounds, nitrogen compounds, vitamins, terpenoids, and other endogenous metabolites that are rich in antioxidant activity. Some plants have been extensively investigated for antioxidant in the last few decades (6, 7) .
Duchesnea indica, commonly known as Indian strawberry, belongs to the Rosaceae family, is widely distributed in China, and also possesses a variety of biological activities, including cytotoxic, antibiotic, antioxidative, and anti-inflammatory activities (8) (9) (10) . A number of chemical compounds like triterpenes, triterpene glycodides, flavonoid glycodides and sterols have been identified from D. indica (11) (12) (13) . Previously, Kim et al. (9) reported the antioxidant activity of a polysaccharide-enriched fraction isolated from Duchesnea chrysantha. However, to the best of our knowledge, there is limited literature on free radical scavenging activity and protective ability of methanolic extract from Duchesnea indica (MDI) against protein oxidation and DNA damage. To investigate the potential antioxidant properties of D. indica, we employed a number of in vitro assay systems, including 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity, reducing power assay, metal chelating assay, superoxide radical scavenging assay and protective ability on DNA damage and protein oxidation.
MATERIALS AND METHODS
Chemicals and reagents 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2-deoxy-Dribose, α-tocopherol, ethylenediaminetetraacetic acid (EDTA), 3-(2-pyridyl)-5,6-bis (4-phenyl-sulfonic acid)-1,2,4-triazine (ferrozine), trichloroacetic acid (TCA), BHT, nitro blue tetrazolium (NBT), ferric chloride, phe-nazine methosulphate (PMS), and dinucleotide-reduced (NADH) were purchased from Sigma (St. Louis, MO, USA). 2-Thiobarbituric acid (TBA) was purchased from Alfa Aesar (Karlsruhe, Germany). All other reagents were of analytical grade.
Preparation of the extract
The whole plant of Duchesnea indica, cultivated in Anhui, China, was dried in the shade at room temperature and then powdered. Two hundred grams of the whole plant powder were extracted with absolute methanol at 60 o C for 3 hr. The extract was filtered and evaporated under reduced pressure using a vacuum rotary evaporator to produce a crude extract of 17.83 g. The dried samples were weighed and kept in a refrigerator until further analysis. The positive controls and MDI were dissolved in methanol to the concentration of 10 mg/mL as stocks.
Determination of the total phenolic content
One milliliter of MDI (200 µg/mL) was mixed with 1.8 mL of Folin-Ciocalteu reagent, and the solution was allowed to stand at 25 o C for 5 min before the addition of 1.2 mL of a 15% sodium carbonate solution. Tannic acid (Tan) was used as the standard to create a calibration curve. The total phenolic content is expressed as mg Tan/g MDI.
DPPH radical-scavenging activity
The free radical scavenging activity of MDI was determined by the DPPH test (14) . Briefly, 0.5 mL of 0.1 mM DPPH solution (in methanol) was added to a test tube containing 0.5 mL of the MDI at various concentrations ranging from 1 µg/mL to 100 µg/mL. The mixture was shaken vigorously for 1 min and kept at room temperature for 30 min in the dark. The absorbance of each solution was subsequently measured at 517 nm. α -Tocopherol and BHT were used as positive controls. The capability to scavenge the DPPH radical was calculated using the following equation:
A c is the absorbance of the DPPH solution without sample (0.5 mL DPPH solution＋0.5 mL of methanol); A i is the absorbance of the test sample mixed with DPPH solution (0.5 mL sample＋0.5 mL DPPH solution) and A j is the absorbance of the sample without DPPH solution (0.5 mL sample＋0.5 mL methanol).
Reducing power assay
The reducing power assay was determined according to the method of Hu et al. (15) . Various concentrations (100, 200, 300, 400, and 500 µg/mL sample [1 mL]) were mixed with 2.5 mL sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 0.1 % potassium ferricyanide. The mixture was incubated at 50 o C for 20 min. After adding 2.5 mL of 10% TCA, the mixture was centrifuged at 3000 × g for 10 min. The upper layer (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% of ferric chloride, and the absorbance was measured at 700 nm. α-Tocopherol and BHT were used as positive controls.
Metal-chelating activity
The chelation of ferrous ions by MDI was estimated as described previously (16) . In brief, various concentrations (0.5, 1, and 2 mg/mL MDI [1 mL]) were mixed with 3.7 mL of absolute methanol and 0.1 mL of 1 mM FeCl 2 . The reaction was initiated by the addition of 0.2 mL of 5 mM ferrozine followed by vigorous shaking; the mixture was then left to react at room temperature for 10 min. The absorbance was measured at 562 nm. EDTA at the concentration of 0.1 mg/mL was used as a positive control.
Superoxide radical scavenging assay
The superoxide radical scavenging activity was determined by the PMS-NADH generating system which was described by Singh and Rajini (17) with minor modifications. Briefly, 100 μL of the extract solution at various concentrations (0.0625, 0.125, 0.25, 0.5 and 1 mg/mL) was mixed with 150 μL of NADH (166 μM), 450 μL of NBT (86 μM) and 150 μL of PMS (16.2 μM). After 5 min of incubation at room temperature, the absorbance at 560 nm was measured. Gallic acid at the concentration of 0.125 mg/mL was used as a positive control.
DNA damage protection assay
The method used to test for hydroxyl radical-induced DNA damage in the plasmid pBR 322 was modified from Qian et al. (18) . Briefly, 3 µL of MDI at various concentrations (0.1, 0.5, and 1 mg/mL) and 0.5 µg of pBR 322 were mixed and incubated for 10 min at room temperature followed by the addition of 7 µL of Fenton's reagent (3 µL of 30% H 2 O 2 , 2 µL of 5 mM FeSO 4 , and 2 µL of 50 mM PB). The resulting mixture (final volume 20 µL) was incubated for 30 min at 37 o C. The DNA was electrophoresed on 1% agarose gels and visualized using ethidium bromide and a Mini BIS image analysis system (DNR Bio-Imaging Systems Ltd., Jerusalem, Israel). Densitometric analysis was done using image analysis software (Quantity One, Bio-Rad, Hercules, CA). The extent of DNA damage protection (%) was calculated by comparing the proportion of supercoiled DNA with Fenton's reagent to that without Fenton's reagent.
Protein damage protection assay
The effects of MDI on protein oxidation were carried out according the method of Kızıl et al. (19) . BSA was oxidized by a H 2 O 2 /Fe 3+ /ascorbic acid system. The reaction mixture (1.0 mL), containing sample (100 µg/mL or 200 µg/mL), phosphate buffer (20 mM pH 7.4) BSA (1 mg/mL), FeCl 3 (50 µM), H 2 O 2 (1 mM) and ascorbic acid (100 µM) were incubated for 3 hr at 37 o C. After incubation, the reaction mixture was analyzed by electrophoresis in 10% SDS polyacrylamide gel. The gel was stained with brilliant blue R staining solution for 2 hr and then destained and digitally photographed. To determine the amount of protein damage, band intensity was estimated using the image analysis software (Quantity One, Bio-Rad, Hercules, CA).
Statistical analysis
All tests were carried out independently in triplicate (n＝3). The data are expressed as the mean ± standard derivation (SD). All analyses were performed using SPSS 7.5 (SPSS Institute, Cary, NC, USA); individual comparisons were made using Tukey's multiple-range test, which was used to determine the differences between the means. p<0.05 was considered significantly.
RESULTS AND DISCUSSION
Total phenolic content Solvents used for extraction affected the yield (20) . The yield of the MDI was 8.92% to dry material. Shoemaker et al. (21) had previously reported that the water extract of D. indica had a 100 mg/g dry herb. Phenolic compounds widely exist in plants are bioactive substances. It is well known that phenolic compounds in plants are viewed as powerful in vitro antioxidants due to their ability to donate hydrogen or electrons and to form stable radical intermediates (22) . In our work, the total phenolic content of the samples was 161.0 mg/g dry weight, expressed as tannic acid equivalent (Fig. 1) .
DPPH radical-scavenging activity
Free radicals are known as the major cause of oxidative damage of biological molecules in human body, including coronary heart disease, aging, cancer and dementia. DPPH has been used to evaluate the free-radical scavenging capacity of antioxidants (23, 24) . The method is based on the reduction of the absorbance of DPPH solution at 517 nm in the present of a proton-donating substance, owing to the formation of the diamagnetic molecule by accepting an electron or hydrogen radical (25) . As shown in Table 1 , the MDI showed the IC 50 (The effective concentration at which DPPH radicals were scavenged by 50%) at the concentration of 29.13 µg/mL. However, scavenging activity of α -tocopherol and BHT, known antioxidants, used as positive controls, were relatively more pronounced than that of MDI.
Reducing power assay
The reducing power of a compound is associated with antioxidant activity and provides a strong indication of its antioxidant capability. Some researchers have observed a direct correlation between antioxidant activities and reducing power of certain plant extracts (26, 27) . For the measurement of the reductive activity, we investigated the Fe 3+ -Fe 2+ transformation in presence of MDI.
As shown in Fig. 2 , reducing power of MDI, α-tocopherol and BHT increased with increasing amount, which revealed EC 50 (the effective concentration at which the absorbance was 0.5) of 0.23 mg/mL, 0.44 mg/mL and 0.21 mg/mL, respectively. Results showed that the reducing power of MDI was relatively more pronounced than that of α-tocopherol, but a bit weaker than that of BHT. initiation and propagation of oxygen free radicals in the organisms. Transition elements, such as iron and copper, are powerful catalysts of oxidation reactions because they contain one or more unpaired electrons that can participate in electron transfer reactions (22) . In this assay, both MDI and EDTA interfered with the formation of ferrous and ferrozine complex, revealing that they have chelating activity and can capture ferrous ion before ferrozine. The Fe 2+ chelating ability of MDI at various concentrations is shown in Fig. 3 . The ferrous ion chelating effect of MDI was increased at the varying concentration, exhibiting a highest metal chelating activity of 75.57%, which was lower than EDTA at the concentration of 100 µg/mL. nents as a precursor of ROS, such as single oxygen and hydroxyl radicals. Scavenging of superoxide radicals is one of the most important ways of clarifying the mechanism of antioxidant activity (28) . Hence, a NBT assay was carried out to test studying the scavenging effects of MDI on superoxide radicals. As shown in Fig. 4 , MDI scavenged 46.21% superoxide radical at the concentration of 1 mg/mL. Gallic acid was used as the positive control showed 55.39% superoxide scavenging activity at the concentration of 125 µg/mL. These results indicated that MDI had a notable effect on scavenging of superoxide radicals.
Metal-chelating activity

Superoxide radical scavenging assay
DNA damage protection assay
Oxidative DNA damage has been implicated in various degenerative diseases (29) . DNA damage by ROS can initiate carcinogenesis or beget the pathogenesis of neurodegenerative diseases such as Parkinson's and Alzheimer's disease. Among the types of ROS, hydroxyl radical is regarded as a DNA damaging agent with physiological significance (30) . The antioxidant effect of MDI was evaluated based on the ability to protect against hydroxyl radical-induced DNA damage in the plasmid pBR 322. The plasmid exists in three forms: supercoiled, open circular, and linear. When the plasmid was subjected to the Fenton reaction for 30 min, the intact supercoiled DNA was broken into an open circular form compared to the untreated plasmid. As shown in Fig. 5 , MDI dose-dependently protected supercoiled DNA by 9.23%, 71.4%, and 92.3% at the concentrations of 100, 500, and 1000 μg/mL, respectively. 
Protein damage protection assay
Because of their abundance in biological systems, proteins are a major target for oxidants. The protein damages induced by free radicals have been demonstrated to play a significant role in aging and other pathological events (31) . Radical-mediated damages to proteins might be initiated by electron leakage, metal-ion dependent reactions, and autoxidation of lipids and sugars (32) . Electrophoretic patterns of BSA after incubation with Fe 3+ /H 2 O 2 /ascorbic acid system in the presence of the MDI and BHT was shown in Fig. 6 
